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dressed for the sustainability of the industry 
(Adelakun et al., 2012). 
 
Good nutrition in animal production systems 
is essential to economically produce a 
healthy, high quality product. In fish farm-
ing, nutrition is critical because feed repre-
sents 40-50% of the production costs 
(Steven and Helfrick, 2009). Jamu and Ayinla 
(2003) reported that feed accounts for at 
least 60% of the total cost of fish production 
in Africa, which to a large extent determines 
ABSTRACT 
The effects of substituting di-calcium phosphate (DCP.) with chicken egg shell (CES.) on the growth, 
haematology and biochemistry of Clarias gariepinus were investigated for ten weeks in a feeding ex-
periment. One hundred and fifty juveniles of Clarias gariepinus were fed at varying inclusion levels of 
0%, 25%, 50%, 75% and 100% CES meals. Significant difference occurred (P < 0.05) in the mean 
weight gain (MWG) (35.54±5.69), average feed intake (AFI) (0.8029±0.0967) and protein efficiency 
ratio (PER) (1.48±0.18) of the fish, with the highest values in the fish fed 25%CES. while the lowest 
occurred at 75% substitution level.. In the haematological parameters, red blood cell (RBC), packed 
cell volume (PCV) and haemoglobin (Hb) levels were highest in the 50% CES. WBC values recorded 
in the fish fed with the test ingredients were significantly higher (P<0.05) than that of the control. The 
biochemical analysis showed that the urea values observed in the fish fed with the test feed were sig-
nificantly higher (P<0.05) than that of the control with the highest value recorded in diet 50% CES. In 
conclusion, chicken egg shell could be substituted with di-calcium phosphate (DCP) up to 25% and or 
50%level of substitution in Clarias gariepinus diet without any negative effects on the growth and feed 
efficiency. 
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INTRODUCTION 
Aquaculture, which involves the farming of 
fish for nutritional and economic benefits 
as well as food security and income genera-
tion, has in the last few years witnessed 
spectacular growth in Nigeria (Adelakun et 
al., 2012). The need arose from the decrease 
in supply from ocean fisheries as a result of 
over-fishing, habitat destruction and pollu-
tion (Adedeji and Okocha, 2011). The level 
of intensification witnessed in recent times 
has raised several issues that need to be ad-
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the viability and profitability of fish farming 
enterprise. As aquaculture becomes inten-
sive, most farmers in Africa depend largely 
on imported fish feed from European 
countries for the productivity and sustaina-
bility of the industry. For example, in Nige-
ria an estimated 4,000 tons of quality fish 
feeds are imported into the country each 
year (AIFP, 2004). This has contributed in 
no small way in increasing the total cost of 
production which will ultimately translate to 
high cost of fish, thereby making it expen-
sive for the teeming population of the poor 
people living in Sub-Saharan Africa. This 
has motivated the research for local, cheap 
and unsuitable for direct human consump-
tion products as alternative energy feed for 
Clarias gariepinus that aim to reduce the cost 
of production without compromising fish 
quality. 
 
Calcium and phosphorus are two of the ma-
jor constituents of the inorganic portion of 
feeds. Quantitatively, calcium and phospho-
rus function primarily as structural compo-
nents of hard tissues (e.g. bone, exoskele-
ton, scales, and teeth), muscle function, 
proper nerve impulse transmission, osmo-
regulagulation, and as a cofactor for enzy-
matic processes (National Research Coun-
cil, 1993). Dicalcium phosphate is a feed 
additive incorporated into feed to provide 
calcium and phosphorus which are im-
portant minerals for growth. It is derived 
from bones of animals which undergo sev-
eral chemical processes (in which a large 
amount of protein is lost) before it can be 
safe for usage. A breach in these chemical 
processes will complicate the end result, so 
the various steps must be strictly followed 
(Waldroup, 1997). Eggshells contain calci-
um and trace amounts of other micro ele-
ments, i.e. magnesium, boron, copper, iron, 
manganese, molybdenum, sulphur, silicon 
and zinc. Eggshell calcium is probably the 
best natural source of calcium and it is about 
90% absorbable (Bee, 2011).Examining the 
series of processes to acquire dicalcium 
phosphate and the simple process of milling 
the eggshells of chicken, one would note that 
the labour involved is minimal, nutrients are 
being preserved and invariably, cost is re-
duced in favour of the egg shells. The aim of 
this study is to investigate the growth perfor-
mance, haematological and biochemical pa-
rameters of Clarias gariepinus fed with milled 
chicken egg shells incorporated at varying 
levels in catfish juvenile diets for 12 weeks to 
determine the appropriate replacement level
(s) of dicalcium phosphate. 
 
MATERIALS AND METHODS 
Collection of specimen: One hundred and 
fifty juveniles of catfish Clarias gariepinus were 
bought from Treasures Bath Farm in Ikotun, 
Lagos State and transported to the Marine 
Research Laboratory of the Department of 
Marine Sciences, University of Lagos, Akoka, 
Lagos. 
 
Experimental procedure: The fish were 
allowed to acclimatize in holding tanks for 
14 days during which they were fed on com-
mercial diet (Coppens: 2mm). At the end of 
the acclimatization period, the fish were 
starved for 24 hours prior to the commence-
ment of the experiment to enable them emp-
ty their guts. Then 10 juveniles of Clarias 
gariepinus were transferred into each of the 
experimental plastic tanks. They were sorted 
into uniform size range and were allotted 
randomly into 15 plastic aquaria tanks. The 
tanks were labelled according to the percent-
age of egg shell inclusion level as indicated 
below:  
 
Tank 0: 100% DCP and 0 % egg shell 
(Control tank)  
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Tank 1: 75% DCP and 25% chicken egg 
shell  
Tank 2: 50% DCP and 50% chicken egg 
shell 
Tank 3: 25% DCP and 75% chicken egg 
shell  
Tank 4: 0% DCP and 25% chicken egg 
shell  
 
The tanks were labelled and set in triplicates 
per diet treatment. Suitable water conditions 
were maintained by cleaning the tanks and 
constant changing of water which took place 
at regular intervals (every two days for the 
first four weeks then everyday afterwards). 
The fish were fed twice each day (morning-
9:00am and evening 6:30 pm) for 10 weeks. 
Feeding response was monitored.  
 
Table 1 showed the different feed ingredi-
ents used in formulating the various diets. 
The feeds were formulated using Pearson 
Square method (38% as the crude protein). 
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Table 1: Feed composition of the experimental diets for the juvenile Clarias  
              gariepinus 
Items                    Percentage composition 
0%CES 
Treatment 
1(Control) 
25% CES 
Treatment 2 
50% CES 
Treatment 3 
75% CES 
Treatment 4 
100% CES 
Treatment 5 
Indomie 15.77 15.77 15.77 15.77 15.77 
Maize 15.77 15.77 15.77 15.77 15.77 
Groundnut cake 
meal 
21.62 21.62 21.62 21.62 21.62 
Soya bean meal 21.62 21.62 21.62 21.62 21.62 
Fish meal 21.62 21.62 21.62 21.62 21.62 
Vitamin C 0.1 0.1 0.1 0.1 0.1 
Fish premix 0.5 0.5 0.5 0.5 0.5 
Salt 0.3 0.3 0.3 0.3 0.3 
Oil 0.7 0.7 0.7 0.7 0.7 
Di- calcium 
phosphate 
(DCP) 
2.0 1.5 1.0 0.5 0 
Chicken Egg 
shell ( CES ) 
0 0.5 1.0 1.5 2.0 
% Total 100 100 100 100 100 
&(6 &KLFNHQ(JJ6KHOO 
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Growth and nutrient utilization parame-
ters: The mean weight of fish in each tank 
was determined at the beginning of the ex-
periment and at the end of every week (for 
eight weeks). The weight of all the fish in 
each tank was measured using the weighing 
scale (OHAUS MODEL CS 5000, CAPACI-
TY 5000X2G) and mean values were calcu-
lated. The following indices were used to 
determine the biological evaluation of 
growth performance and nutrient utilization 
of the fish. 
36 
utilization of the fish. 
i) Mean Weight Gain (MWG) =  Wf – Wi  
      Number of days 
Where Wf = final average weight (g) 
 Wi = initial average weight (g) 
ii) Specific Growth Rate (SGR):  =   Loge Wf – Log e Wi   x 100  
      Number of days 
Where   Wf = final average body weight 
 Wi =  initial average body weight 
iii) Food Conversion Ratio (FCR):   = Feed intake (g) 
Total weight gain (g) 
iv) Protein Efficiency Ratio (PER):  = Mean weight gain (g) 
            Protein intake 
v) Relative Growth Rate (RGR) = Mean weight gain (g) x 100 
Initial average body weight (g) 
vi) Protein Intake : = Feed fed x crude protein of the feed. 
Blood collection and blood analysis: 
Five fish were taken (from each tank) out 
individually in a small hand net and placed 
belly upward. Blood sample was collected 
from the heart of the fish using 2ml syringe. 
1ml of blood sample was collected from the 
fish (five) in each tank and dispensed into 
heparinized tube and was preserved in ice 
pending the time for analysis in order to 
prevent the blood from coagulating. 
 
The haematological and biochemical param-
eters analyses carried out included: Total 
erythrocytes count (RBC), haematocrit (Hct 
or PCV), haemoglobin concentration (Hb), 
haematological indices (MCHC, MCH and 
MCV), urea, creatinine, albumin, total pro-
tein, alkaline phosphatase, triglyceride and 
globulin. The haematological parameters 
were analysed at the medical laboratory in 
Lagos University Teaching Hospital (LUTH) 
using Mind Ray BC-2800 haematology ana-
lyser (China) while the biochemical analyses 
were done using laboratory procedures. 
 
Statistical analysis: Data collected were 
subjected to analysis of variance (ANOVA). 
Comparison among diet means was carried 
out using Duncan Multiple Range Test at a 
significant level of 0.05. 
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RESULTS 
(i) Growth and nutrient utilization:  
The results obtained from the growth re-
sponse and nutritional utilization of the fish 
fed with chicken egg shell diets are shown 
in Table 2. The highest MWG was observed 
in the fish fed 25% substitution level of the 
chicken egg shell while the least were in 
(75%). However, there was no significant 
difference in the PI, SGR, RGR and the 
FCR values of the fish from all diet types 
(P>0.05). 
 
(ii) Haematological analysis 
Table 3 shows the haematological changes 
in test fish and the control fish. The mean 
of the haematological parameters ranged as 
follows: Haemoglobin (Hb) -  4.80 ± 0.42 
to 10.00 ± 0.57 g dL-1, Packed Cell Volume 
(PCV) - 18.00 ± 0.00 to 32.50 ± 2.12 %, 
Red blood cell - 1.3±0.28 to 3.1±0.42, 
White Blood Cell (WBC) - 11600 ± 15.56 to 
17000 ± 2404.16 ccm, Mean Corpuscular 
Haemoglobin (MCH) - 3.50 ± 0.28 to 4.40 ± 
0.28 pg, Mean Corpuscular Haemoglobin 
Concentration (MCHC) - 25.26 ± 0.82 to 
38.88 ± 2.84 (g/l). Mean Corpuscular Vol-
ume (MCV) - 90.00 ± 3.92 to 146.15 ± 2.59 
fl. 
 
(iii) Biochemical analysis 
The mean values of the biochemical parame-
ters of the fish fed with the various diets are 
presented in Table 4. The mean urea ranged 
from 18.32 ± 1.85 to 35.62 ± 4.32 mgdL-
1 while mean creatinine value had 0.20 ± 
0.00 mg dL-1 as its lowest value and 
0.70±0.14 mg dL-1 as the highest value. 
Mean total protein ranged from 3.80 ± 0.14 
to 4.50 ± 0.14 mgdL-1 . Albumin had its low-
est value as 1.90 ± 0.00 and 2.00 ±  0.42 mg 
dL-1 as its highest value. Triglyceride values 
ranged from 90.47 ± 3.08 to 123.46 ± 2.97 
mg dL-1 and alkaline phosphatase from 4.00 
± 0.00 to 8.00 ± 1.41 mg dL-1.   
 
37 
Table 2: Growth and nutrient parameters of the control Clarias gariepinus and  
               those fed with chicken egg shell 
Parameters Trt1 Trt2 Trt3 Trt4 Trt5 
Final weight(g) 52.11±3.68ab 56.51±6.22b 47.18±8.0ab 39.82±3.55a 48.10±9.23ab 
Initial weight(g) 18.07±3.65a 20.97±4.24a 17.40±3.40 a 16.10±1.82 a 20.47±4.84 a 
MWG 
(g/day) 
4.86±0.38 b 5.08±0.81 a 4.25±0.71 ab 3.39±2.61 a 3.95±0.65 ab 
TFI 
(g/day) 
7.54±0.44 b 8.02±0.97 b 6.66±1.13 ab 5.84±0.20 a 6.88±1.15 ab 
 AFI 
(g/fish) 
0.7539±0.441 b 0.8029±0.0967 b 0.6659±0.1131 ab 0.5843±0.0201 a 0.6880±0.1154 ab 
 SGR 
(%/day) 
  
1.530±0.2154 a 1.4292±0.2617 a 1.4289±0.9607 a 1.2962±0.1163 a 1.2314±0.0907 a 
 RGR 
(%/fish) 
27.71±6.05 a 25.01±7.50 a 24.62±2.60 a 21.19±2.83 a 19.58±2.14 a 
 FCR 1.5518±0.0411 a 1.5930±0.1680 a 1.5725±0.1717 a 1.7352±0.1550 a 1.7450±0.1217 a 
PI 24.50±0.1513 a 24.04±2.64 a 24.37±2.77 a 22.02±1.95 a 21.85±1.50 a 
PER 1.39±0.08 b 1.48±0.18 b 1.23±0.21 ab 1.08±0.04 a 1.27±0.21 ab 
Means with the same superscripts along the row are not significantly different (p>0.05) 
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PI = Protein intake, PER = Protein effi-
ciency ratio. MWG = Mean weight gain, 
TFI = Total feed intake, AFI = Average 
feed intake, SGR = Specific growth rate, 
RGR = Relative growth rate, FCR = Feed 
conversion ratio. 
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Table 3: Haematological parameters of the control Clarias gariepinus and those fed 
               with chicken egg shell. 
Parameters Trt1 Trt2 Trt3 Trt4 Trt5 
PVC % 22.00±2.83 a 18.00±0.00 a 32.50±2.12 b 19.00±1.4 a 21.00±2.83 a 
RBC ᵡ 109/L 1.8±0.28 a 2.0±0.57 a 3.1±0.42 b 1.3±0.09 a 1.6±1.4 a 
Hb ( g/dL) 6.80±0.42 b 7.00±0.28 b 10.00±0.57 c 4.80±0.42 a 7.00±0.42 b 
MCV(fl) 122.10±2.97 c 90.00±3.92 a 106.50±1.95 b 146.15±2.59 d 131.25±5.63 c 
MCHC(g/l) 30.91±1.12 ab 38.88±2.84 c 30.30±.1.90 ab 25.26±0.82 a 33.33±3.30 bc 
MCH(Pg) 3.60±0.14 a 3.50±0.28 a 3.70±0.28 a 3.70±0.00 a 4.40±0.28 b 
WBC(ccm) 11600±15.56 a 14400±1838.48 ab 17000±1131.37 b 17000±2404.16 b 15500±848.53 ab 
 Means with the same superscripts along the row are not significantly different (p>0.05)  Means with the 
same superscripts along the row are not significantly different (p>0.05) 
PCV = Packed Cell Volume, RBC = Red Blood Cell count,  Hb = Haemoglobin,  MCV = Mean Cell Vol-
ume, White Blood Cell count = WBC,  Hb =  Haemoglobin Concentration ,  Mean Corpuscular Haemoglo-
bin (MCH), and MCHC =  Mean Corpuscular Haemoglobin Concentration. PCV = Packed Cell Vol-
ume, RBC = Red Blood Cell count,  Hb = Haemoglobin,  MCV = Mean Cell Volume, White Blood Cell 
count = WBC,  Hb =  Haemoglobin Concentration ,  Mean Corpuscular Haemoglobin (MCH), and MCHC 
=  Mean Corpuscular Haemoglobin Concentration. 
Table 4: Plasma biochemical parameters of the control Clarias gariepinus and those 
               fed with chicken egg shell 
Parameters Trt1 Trt2 Trt3 Trt4 Trt5 
Creatinine (mg dL-
1 ) 
0.40±0.14ab 0.40±0.14 ab 0.20±0.00 a 0.70±0.14 b 0.35±0.07 a 
Urea (mg dL-1 ) 18.32±1.85 a 24.45±3.05 a 35.62±4.33 b 21.79±1.32 a 23.51±0.04 a 
Albumin(mg dL-1 ) 1.70±0.28 a 1.70±0.14 a 2.00±0.42 a 1.90±0.00 a 1.90±0.14 a 
Total protein(g dL-
1 ) 
4.10±0.42 ab 3.80±0.14 a 4.00±0.00 ab 4.20±0.14 ab 4.50±0.14 a 
Alkaline phosphatase 
(I UL-1 ) 
8.00±1.41 b 4.00±0.00 a 8.00±0.00 b 8.00±1.41 b 6.00±0.00 ab 
Triglyceride(mgdL-
1 ) 
123.46±2.97 b 90.47±3.08 a 119.62±2.35 b 97.69±3.22 ab 106.54±5.63 b 
Globulin(g L-1 ) 2.40±0.14 ab 2.0±0.14 a 2.0±0.42 a 2.30±0.14 ab 2.60±0.00 b 
Means with the same superscripts along the row are not significantly different (p>0.05) 
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DISCUSSION 
The feeding trial revealed that juvenile Clari-
as gariepinus mean weight (16.10±1.82 to 
20.47±4.84) responded to all the diets. 
There was significant difference (P < 0.05) 
in the MWG with the highest value in the 
fish fed diet (25% C.E.S). This also reflect-
ed in the values of the AFI and PER with 
the highest values at this level of substitu-
tion. It could be inferred that more feed 
was consumed per fish fed with this diet. 
This result seems to indicate the level of 
feed palatability, with reduced feed intake at 
higher concentrations of the test ingredient. 
This observation is contrary to the result 
from the work done by Ayoola and Madu-
ekwe (2012) where lowest values of MWG 
and PER were recorded in fish fed at 25% 
substitution level of Mytilus edulis shell meal 
diet. 
 
Blood is a good indicator in determining the 
health of an organism (Joshi et al,. 2002). It 
has been documented that different factors 
are effective on the haematological and bio-
chemical parameters of fish from which the 
species, environmental condition, age, mat-
uration and nutrition are very important 
(Ross and Ross, 1999).  Materials on haema-
tological and blood biochemical reference 
range of juvenile Clarias gariepinus are lim-
ited. Except haemoglobin, all other haema-
tological parameters measured in this study 
were out of range with respect to the rec-
ommended physiological ranges reported 
for Clarias gariepinus broodstock (Akinrotimi 
and Gabriel, 2012). This could be as a result of 
the fact that they are broodstocks  cultured in water 
recirculatory system, unlike in the juveniles in this 
study. 
 
The PCV, RBC, Hb and MCH values of 
fish fed diet (25% CES) are closely related 
and are not significantly different (P>0.05) 
from the control’s. RBC production, PCV 
and Hb levels were highest in diets (25% & 
50% CES), this could be as a result of in-
crease in blood cell production from the 
bone marrow. The PCV, MCV and RBC val-
ues are within the ranges observed in the 
works of Ayoola and Maduekwe, (2012). The 
WBC values recorded in the fish fed with the 
test ingredients are significantly higher 
( P<0.05 ) than that of the control, this could 
be as a result of the immune-modulatory ef-
fect of the high Sialic acid content in the 
chicken eggshell.  
 
It has been reported that serum biochemical 
constituents are positively correlated with 
the quality of the diet (Brown and Clime, 
1972; Adeyemi et al., 2000). The albumin val-
ues show no significant difference (p>0.05). 
The creatinine, alkaline phosphatase and tri-
glyceride values are in close range to the re-
sults of Ayoola and Maduekwe, (2012). 
Awosanya et al., (1999) demonstrated the 
dependence of blood protein on the quantity 
and quality of dietary protein. The level of 
urea and creatinine is a measure of tissue de-
generation, which is a sign of tissue wear-
down (Ranjna, 1999). In this research, the 
urea values observed in the fish fed with the 
test feed were significantly higher (P<0.05) 
than that of the control (with the highest 
value recorded in diet (50% ES). These val-
ues correlate with the values reported in 
Ayoola, (2011).  
 
In conclusion, the results obtained from this 
study and observations discussed show that 
chicken egg shell could be substituted for 
dicalcium phosphate (DCP) up to 25% level 
of substitution in juvenile Clarias gariepinus 
diet without any negative effects on the 
growth of the fish and its feed utilization 
efficiency. 
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